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Background and Purpose: Malnutrition is a major concern among diabetic inpatients and can 
complicate treatment and recovery. Personalized nutritional interventions are therefore important to 
meet individual dietary needs. Digital-based personalized nutrition systems can support this process 
through meal recommendations and activity monitoring. This study aimed to assess system 
requirements and develop a digital-based personalized nutrition system for diabetic inpatients. 
Specifically, it sought to identify requirements considered necessary by nutritionists, social workers, 
restaurant staff, and data managers; translate these requirements into a system architecture and working 
prototype; and assess the usability and perceived validity of the prototype among intended users. 
Methods: A qualitative approach using in-depth interviews was employed to identify clinical and 
system requirements. The study was conducted at two referral hospitals in Kigali. The Harris–Benedict 
equation was used to estimate energy requirements and guide personalized meal planning. Agile 
software development was applied through planning, requirements analysis, design, development, and 
testing phases. 
Results: A meal recommender system was developed that incorporated blood glucose levels, local 
foods, physical activity, glycemic index, and individual calorie requirements to generate personalized 
meal plans. The system aimed to support stable blood glucose levels and reduce sudden glucose spikes. 
All 10 participants who responded agreed that the prototype provided personalized meal 
recommendations for diabetic inpatients and helped identify potential food triggers. Additionally, 60% 
perceived potential for cost savings. 
Conclusions: A digital-based personalized nutrition system can support nutritional management of 
diabetic inpatients and may contribute to improved dietary care and cost efficiency. 
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1 Introduction 

Malnutrition is a health problem of huge magnitude among hospitalized patients [1]. This is associated with 

numerous adverse clinical effects, such as higher illness rates and death rates, extended hospital stays, 

susceptibility to infections, loss of muscle mass, and inadequate wound healing [2]. Malnutrition pertains 

to the insufficient, excessive, or disproportionate consumption of energy and/or essential nutrients by an 

individual [3]. 

Among patients with diabetes mellitus specifically, malnutrition is both common and clinically 

consequential: a recent study conducted at the same two Kigali referral hospitals as the present work found 

that 55.3% of hospitalized patients with Type 2 diabetes were at risk of malnutrition [33]. Digital tools to 

support diabetes self-management have begun to emerge across the region, including mHealth applications 

for glucose tracking and self-management support in Ghana and Ethiopia [34] [35], yet most remain focused 

on self-monitoring and glycaemic logging rather than on structured, personalized meal planning for 
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hospitalized patients, and few have been evaluated in the hospital in-patient setting typical of low-resource 

African health systems. 

A critical reading of the existing food recommender literature exposes three recurring weaknesses that 

bear directly on the present work. First, the reviewed systems are built and validated almost exclusively in 

high-income or upper-middle-income settings and draw on food composition databases and dishes that do 

not correspond to the staples of East African hospital menus, so their recommendations are not directly 

transferable to this context [30]. Second, most report technical accuracy rather than clinical or workflow 

outcomes: a recent diabetes-focused food recommender system reached 94% classification accuracy using 

graph neural networks, but such metrics say little about whether a hospital nutritionist can act on the output 

within an existing ward routine [39]. Third, and most important for this study, the African evidence base 

concentrates on out-patient self-management rather than in-patient care. A systematic review of diabetes 

self-care interventions in sub-Saharan Africa found that technology-based components were typically 

educational or reminder-based rather than dietary-prescriptive [40], and a meta-analysis of mHealth for 

diabetes in Africa reported a significant reduction in HbA1c but drew on very few eligible trials, none of 

them set in hospital wards [41]. The present study therefore addresses a specific and under-served gap: a 

personalized, locally grounded meal recommendation system designed around the actual division of labour 

between nutritionists, social workers and restaurant staff in Rwandan referral hospitals, rather than a self-

management tool transplanted into an African setting. 

The World Health Organization (WHO) study has proven the links between risk factors for diabetes such 

as physical inactivity, a poor diet, a person's history, being soft and large, drinking  alcohol, and smoking 

[4]. 

Diabetics must assume full responsibility for their care and treatment to adapt to evolving lifestyles [5]. 

This entails utilizing various technology-driven systems, including meal recommendation systems, 

monitoring, and tracking tools for physical activity, drug reminder  notifications, that address any queries 

they may have regarding their condition [6]. 

In recent times, numerous recommendation systems have emerged with the aim of providing users with 

valuable wellness suggestions to enhance their overall health [7]. One such system is the proposed digital-

based personalized nutrition assistant system designed for diabetic inpatients.  

This system falls under the category of Artificial Intelligence (AI) and is designed to aid in diabetes 

management. It creates personalized meal plans for diabetic individuals, covering breakfast, lunch, and 

dinner. The system operates using a knowledge-driven approach, considering the user's information and a 

substantial knowledge database. Additionally, it factors in various elements like socio-economic status, 

cultural background, ethnicity, and location, with special attention to diabetic patients in the internal 

medicine department [8]. 

Typically, the task of evaluating individuals' nutrition requirements and offering nutritional guidance in 

both health and disease falls under the responsibility of nutritionists [9]. However, when a health facility is 

limited to having only one nutritionist on staff, it becomes increasingly challenging for them to assess the 

nutritional needs of every hospitalized patient [10]. 

It is crucial that all patients receive sufficient and suitable food and beverages according to their specific 

requirements [11]. Although many patients can handle their nutritional needs independently, there will be 

cases where some patients require assistance [12]. 

Therefore, it has become increasingly important for individuals to adopt a well-balanced and nutritious 

diet [13]. However, in today's fast-paced world, there is a shortage of nutritionists available to create 

personalized meal plans for every hospitalized diabetic patient and provide ongoing support and guidance 

based on their individual information [14]. 

The concept of personalized nutrition does not aim to modify existing nutritional guidelines, create 

customized food products, or transform food into medicine [15]. Instead, its purpose is to assist  individuals 

in making lasting changes to their dietary behaviors that promote good health [16]. 

Personalized nutrition is an approach that helps each person achieve their desired health goals [17]. By 

tailoring healthy dietary recommendations to suit individuals' daily lives, personalized nutrition makes 

these suggestions more relevant and practical [18] 

Persistent insufficient dietary consumption leads to malnutrition, a longstanding clinical concern that 

has been extensively studied in the past few decades [19]. Furthermore, undernutrition is individually linked 

to various adverse clinical consequences, encompassing elevated rates of complications, mortality, 

extended hospitalization, and escalated expenses [20]. Moreover, a compromised immune system, delayed 
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wound healing, muscle loss, elevated treatment expenses, and an elevated mortality rate are also associated 

with undernutrition [21]. 

Hence, the objective of this diabetes management system is to enhance the well-being of hospitalized 

patients by assessing their nutritional requirements and suggesting appropriate meals to fulfil these 

demands. 

2 Materials and methods 

The study was conducted at two referral hospitals in Kigali, Rwanda: the University Teaching Hospital of 

Kigali and King Faysal Hospital. It followed a systematic process consisting of multiple stages aimed at 

generating research findings and a working prototype. The overall research methodology is presented in 

Figure 1: The research approach comprised three main stages: defining the system requirements, creating 

the system architecture, and building a prototype . A qualitative descriptive design was used, drawing on a 

purposively sampled population of hospital staff involved in the nutritional care of diabetic in-patients, as 

detailed under Study Design, Study Population, and Sample Size below. 

 

Fig. 1. Structure of the research methodology.  

2.1 Study Design  

Qualitative methods involving in-depth interviews conducted by a skilled facilitator were used to gather 

perceptions, opinions, and insights. These interviews employed flexible probing techniques to extract 

the information needed for designing the architecture and clinical requirements of the diabetes meal 

recommender system. 

This overall aim was broken down into three specific research questions: (1) What system requirements 

do nutritionists, social workers, restaurant staff, and data managers identify as necessary for a digital 

personalized nutrition support system for diabetic in-patients? (2) How can these requirements be translated 

into a system architecture and prototype using Agile development? (3) How do intended users assess the 

usability and perceived validity of the resulting prototype? 

2.2 Data set 

The recommended diet for the user was determined using the Tanzania Food Composition Table [22], 

which maintains detailed nutritional data for each food item. The food composition data were extracted by 

the principal investigator between February and April 2023, in parallel with the qualitative data collection 

described under Data Collection below. In this diet recommendation system, the nutrient dataset was 
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tailored based on the user's BMI, basal metabolic rate, and glycaemic index of foods to accurately calculate 

and customize dietary recommendations. 

2.3 Agile development system methodology 

Agile development was used as a flexible and iterative software development methodology that emphasizes 

collaboration, adaptability, and continuous improvement. This methodology outlines the key principles and 

practices of Agile development as applied to developing the meal plan recommender system [23]. The 

decision to employ this methodology in the study was motivated by its capacity to facilitate iterative 

processes, ensuring ongoing feedback to enhance and deliver successive outcomes. The iterative approach 

encompassed continuous planning, testing, integration, and evolution. These phases encompass planning, 

requirements analysis, design, building, and testing. 

2.4 Study setting 

The study was conducted at two referral hospitals in Kigali (University Teaching Hospital of Kigali and 

King Faysal Hospital) 

2.5 Study population 

For qualitative data, the inclusion criteria for participating in the study were defined as staff working in 

selected hospitals, aged 18 years and above, for in-depth interviews, including nutritionists, social workers, 

data managers, and restaurant managers. Staff who had been in post for less than one month, and those 

unavailable for the full duration of the interview, were excluded. 

2.6 Sample size 

The principal investigator utilized purposive sampling to gather participants, and we continued to enrol new 

individuals until no new knowledge variation was observed. To confirm that saturation had been reached, 

we enrolled one more participant for a one-on-one interview. Eleven participants were interviewed in total. 

This is consistent with empirical evidence that thematic saturation in qualitative interview studies with a 

relatively homogeneous population and narrowly defined objectives is typically reached after 

approximately nine to seventeen interviews [42]. 

2.7 Data Collection 

Data was collected through semi-structured, face-to-face in-depth interviews conducted between February 

and April 2023. The interview guide, developed based on established in-depth interview methodologies 

[24], consisted of two main sections. The first section gathered participant characteristics, including 

biographical details and self-assessed meal-planning knowledge. The second section explored participants' 

routine practices, needs, and expectations. 

The interview process included two stages: first, a general discussion around the main topics was held. 

If participants were hesitant or provided overly broad answers, follow-up questions were asked to elicit 

more specific responses. These additional questions, derived from literature, focused on practical aspects 

of self-management systems. 

To ensure linguistic and cultural accuracy, a professional translator translated the interview guide from 

English to Kinyarwanda. The translated guide was then pilot-tested with ten Rwandan diabetic patients, 

and adjustments were made based on their feedback to enhance clarity and relevance. And Written informed 

consent was obtained from all participants before the interviews. 

2.8 Data analysis  

Recorded data and scanned notes taken were uploaded to researchers’ Google Drive, for data transcribing 

and translation which was done on a computer with a password. 
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All transcripts were read and reread to identify common words, phrases, and perceptions that were coded. 

Differences and similarities were highlighted in the text and organized into codes, sub-categories, and 

categories, we applied inductive category formation suggested within Mayring’s method of    qualitative 

content analysis [24]. 

2.9 Ethical consideration 

Ethical approval was obtained from three bodies: the College of Medicine and Health Sciences (CMHS) 

Institutional Review Board on 14 November 2022 (Approval notice: CMHS/IRB/500/2022); the King 

Faysal Hospital IRB on 30 December 2022 (Approval Ref: KFH/2022/035/IRB); and the University 

Teaching Hospital of Kigali Ethics Committee, on 14th March 2023 (Approval Ref: EC/CHUK/046/2023). 

3 Results  

3.1 Characteristics of study participants 

Eleven hospital staff took part in the study, and their characteristics are presented in Table 1. Most 

participants were male (7; 63.6%) and the remainder female (4; 36.4%). The sample was deliberately 

multidisciplinary, comprising nutritionists (4; 36.4%), data managers (3; 27.3%), social workers (2; 18.2%) 

and restaurant managers (2; 18.2%). This distribution spans the whole pathway along which an in-patient 

meal moves, from nutritional assessment, through data capture and record keeping, to meal preparation and 

service; it is this functional coverage, rather than the absolute number of interviews, that underpins the 

completeness of the requirements elicited. Participants were also formally qualified: 9 (81.8%) held a 

bachelor's degree, 1 (9.1%) a master's degree and 1 (9.1%) an advanced diploma. In terms of experience at 

the study facilities, 5 (45.5%) had served for 5-10 years and 4 (36.4%) for more than 10 years, so 9 of 11 

respondents (81.8%) had at least five years of service, while only 2 (18.2%) had 1-5 years. Table 1 therefore 

describes an experienced, formally trained and functionally diverse group, which strengthens confidence 

that the routine practices reported below reflect established institutional workflows rather than the 

impressions of recently appointed staff. Two features of the sample should nonetheless be borne in mind 

when interpreting the findings: the predominance of male respondents, and the absence of ward nurses and 

attending physicians, whose perspectives on in-patient feeding were not captured. 

Table 1. Characteristics of the study participants 

Variables Frequency n=11 Percentage  %=100  

Gender     

Female 4 36.4 

Male 7 63.6 

Educational Qualification     

Advanced Diploma 1 9.1 

Bachelor 9 81.8 

Masters 1 9.1 

Participants Distribution     

Nutritionists 4 36.4 

Social workers 2 18.2 

Data managers 3 27.3 

Restaurant managers 2 18.2 

Years of services     

1 -5 2 18.2 

6 -10 5 45.5 

>10 4 36.4 
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3.2 Emerging themes from qualitative interviews 

Three main themes were identified throughout the analysis, including (1) Knowledge and Awareness of 

Diabetic Meal Planning (2) Routine Practices in Nutritional Assessment and Meal Planning (3) 

Expectations and Needs for the Dietary Management System 

3.2.1 Respondents’ views on the knowledge and awareness of the diabetic meal plan 

This theme captures respondents' understanding of how to design a meal plan for individuals with diabetes. 

Participants emphasized the importance of limiting refined carbohydrates, increasing dietary fiber, and 

selecting healthy fat and protein sources. They also recognized the need to avoid foods high in sugar, 

saturated and trans fats, and processed items, as these can hinder blood sugar control and negatively impact 

overall health. 
“It’s important to limit or avoid certain foods, especially those high in sugar, saturated and trans fats, 

and processed ingredients. These foods can make worse of blood sugar control and impact overall health.” 
R1, Female 

3.2.2 The Respondents ‘views about their routine practices 

Respondents described the steps taken to assess patients’ nutritional needs, such as evaluating weight 

and height to calculate nutrient requirements. Based on these assessments, customized meal plans are 

developed and documented. These plans are then shared with the hospital restaurant or patient assistants to 

ensure meals align with the nutritional goals for each patient. 

“We usually assess the patient’s weight and height for assessing nutrient needs then we 
design a meal plan written on paper then shared to the hospital restaurant to be prepared”. 

R3, Male  
As shown in figure 2, respondents mentioned the role of each one among nutritionists, 

social workers, and restaurant staff and how they collaborate. 

3.2.3 Expectations and Needs for the Dietary Management System.  
Respondents expressed a need for the dietary management system to provide clear and standardized 

guidelines on portion sizes and serving sizes, which can be easily communicated to hospital restaurant staff 

and patient assistants. They expect the system to facilitate accurate meal preparation, helping patients 

adhere to their dietary requirements and supporting better blood sugar control and overall health outcomes. 

“We need a dietary management system that clearly defines portion sizes and serving guidelines. It 
should be easy for hospital kitchen staff and patient assistants to follow, ensuring that meals meet patients' 
dietary needs and support their blood sugar control and overall health.” R6, Male 

Respondent is expecting this dietary management system to be integrated effectively with the electronic 
medical record (EMR) system, enabling real-time access to patient data for efficient and personalized meal 

planning. This integration, combined with the system’s speed, will allow staff to quickly retrieve dietary 

guidelines, facilitating timely meal preparation. 

“The dietary management system must integrate with EMR for real-time patient data, enabling quick 
meal plan customization, prompt guideline retrieval, and a user-friendly interface for all staff to navigate 
easily”. R2, Male 
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Fig. 2. Use-case diagram showing roles and collaboration among nutritionists, social workers and restaurant staff. 

3.3 System architecture 

The three qualitative themes above directly informed the system design: the described nutritionist-social 

worker-restaurant staff workflow (Figure 2) shaped the role-based access and hand-off structure built into 

the system; the expressed need for standardized, easily communicated portion sizes shaped the automated, 

glycaemic-index-based meal recommendation logic described below; and participants' emphasis on 

individualised assessment shaped the use of patient-specific inputs (weight, height, blood sugar, activity 

level) as the basis for each recommendation. 

The system architecture provides an overview of the personalized digital nutrition support system 

prototype and its components, illustrated in Figure 3 below. The food recommendation process initiates 

when a nutritionist inputs the patient's weight, height, blood sugar levels, and activity level into the system. 

The glycaemia readings module collector receives these inputs and employs the Naïve Bayes algorithm 

module to identify a suitable food item based on its glycemic index and glycemic load. This recommended 

food item is then sent to either the restaurant staff or patient assistant for preparation and consumption, 

assisting the user in managing their blood sugar levels. 

3.4 Calorie requirement determination. 

To calculate the calorie requirement using the Harris–Benedict equation, we need to know the person's 

gender, age, height, weight, and activity level. Within the system, the basal metabolic rate is first computed 

from these variables and then multiplied by an activity factor to obtain the total daily energy requirement, 

which in turn bounds the calorie content of the meal plan generated [25]. 
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Fig. 3. Activity flow diagram of the implemented meal recommender system. 

3.5 System Implementation 

The web-based meal recommender system provides a comprehensive solution for Nutritionists, Restaurant 

Staff, and Social Workers to address the dietary needs and social concerns of their respective clients. By 

leveraging user profiles, a vast meal database, and advanced recommendation algorithms, the system 

promotes healthy eating habits, facilitates meal planning, and ensures that individuals receive tailored meal 

suggestions that align with their unique requirements. 

The web-based system developed in PHP is designed to provide meal plan recommendations for diabetic 

inpatients. The implementation involves several components and functionalities to ensure the system 

operates effectively.  

The system consists of three main components. 

• Client-side program: This is the part of the system that users interact with. It is responsible 

for displaying the user interface and processing user input. The client-side program is typically 

written in a language like HTML or XML. 

• Web application server: This is the part of the system that handles requests from users and 

generates responses. It is responsible for storing data, processing requests, and generating 

responses. The web application server was implemented using PHP, a widely used open-source 

scripting language for web development. 

• Database server: This is the part of the system that stores data. It is responsible for storing and 

retrieving data as needed by the web application server. The database server was implemented 

using MySQL, an open-source relational database management system (DBMS), rather than a 

programming language, used here to store and retrieve patient, meal, and nutrition data. 
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The three components of the Meal Recommender system are all interconnected. The client-side program 

sends requests to the web application server, which then sends requests to the database server. The database 

server then sends the requested data back to the web application server, which then sends it back to the 

client-side program. This process happens very quickly, so users do not notice any lag or delay. 

3.6 System Testing 

The web-based system prototype was implemented using HTML for the client-side interface, PHP for the 

application server and MySQL for the database. This implementation approach allowed for continuous 

iterations, or repeated changes, in the different phases of development. The prototype was tested 

continuously to check for performance issues and bugs. Functional testing was also conducted to confirm 

that the prototype met the specified functional requirements. 

The testing process comprised three activities carried out iteratively across the Agile development cycle, 

described below: 

• Performance testing: the development team repeatedly loaded the prototype with simulated 

concurrent user sessions, representing nutritionists, restaurant staff, and social workers 

accessing the system at the same time, to check response times and system stability. 

• Bug testing: the development team systematically exercised each module of the prototype after 

every development iteration, logging any errors encountered (for example, incorrect meal 

calculations or input-handling faults) and resolving them before the next iteration began. 

• Functional testing: the development team verified, module by module, that the prototype 

correctly performed each function specified in the requirements, such as correctly calculating 

calorie needs using the Harris-Benedict equation and correctly generating a meal 

recommendation from a given set of patient inputs. 

In addition to performance, bug, and functional testing, a usability and validation test was conducted: a 

questionnaire was created using Google Forms and distributed to the 11 study participants via WhatsApp 

to assess the prototype's usability and the validity of its recommendations; results are reported under 

Usability Test Results in the Results section. 

By conducting continuous testing, the developers were able to identify and fix any problems with the 

prototype early in the development process. This helped to ensure that the final system was of high quality 

and met the needs of the users. 

3.7 Users interface 

The meal recommender system incorporates user interfaces tailored for nutritionists, restaurant staff, and 

social workers, ensuring efficient communication and streamlined workflows. 

3.7.1 Nutritionist interface 

The interface provides comprehensive dietary information, allowing them to input clients' specific measures 

including weight, height, blood sugar level, health conditions, and goals. The system then generates 

personalized meal recommendations, highlighting nutritional values and reports the meal plan generated to 

the chef restaurant. 

Registered individuals can be accessed through a patient’s menu, where all their relevant information 

will be displayed. If any errors are detected by the Nutritionists who facilitate the registration, they can 

double-click on the item's name to edit and update the item module. 

The registered food Layout.  
Food items that have been registered can be accessed through a menu. All relevant information about the 

food items will be displayed. If any errors are detected by the restaurant staff who facilitates the registration, 

they can double-click on the item's name to edit and update the item module, this process allows the 

restaurant staff to keep the registered food items up-to-date and to correct any errors that may have been 

made. 
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3.7.2 Restaurant Staff Interface.  
The meal recommender system also has a user interface that allows restaurant staff to input the menu items 

that are available at their restaurant. The system should then show a list of meal recommendations based 

on the restaurant's menu and the client's dietary restrictions that have been sent by the nutritionist.  

3.7.3 Social worker interface.  
Social workers interact with an interface that enables them to input clients' socioeconomic backgrounds and 

reporting options. The system then processes this information to suggest affordable and accessible meal 

options, considering the clients' specific circumstances. 

3.8 Usability and validation results 

As described under System Testing in the Methods section, a usability and validation questionnaire was 

distributed to the 11 study participants; 10 participants responded, and all participants were able to open 

the link to the system. 

All the participants confirmed that the prototype system provides personalized meal recommendations 

for diabetic inpatients. 

All the participants confirmed that the prototype system helps in identifying food triggers that lead to 

blood glucose fluctuations in diabetic inpatients. 

In addition, 60% agreed that the prototype system offers potential cost savings by reducing the need for 

manual monitoring and dietary interventions. This perception was not accompanied by any economic 

measurement and should therefore be read as a user expectation rather than as an evaluated outcome.  
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4 Discussion 

In this study of creating a web-based model prototype, we employed the Agile development methodology 

to complete each stage necessary to develop the prototype [26]. These stages, delivered in iterative cycles 

rather than in a single linear pass, include defining the system requirements and specifications, designing 

the system, and creating the prototype [26]. 

The meal recommender prototype was developed using a machine learning algorithm that considers the 

patient's age, gender, weight, height, body mass index (BMI), nutritional requirements and food glycemic 

index. Nonetheless, Faiz et al. have employed an integrated ontology-based methodology that merges 

information from diverse domains, aiming to produce dietary and exercise recommendations tailored for 

individuals with diabetes [27]. The algorithm was trained using a dataset of 100 meals, and it was validated 

using a sample of 30 diabetic patients. In contrast, some studies relied on country-specific food composition 

table databases, such as the Malaysian one which implemented an ontological knowledge domain model 

and applied case-based reasoning. This approach helped them identify suitable menus by considering 

factors like energy requirements, body mass index, religion, and race [28]. 

The application system designed will help to address the issue of malnutrition among diabetic patients. 

Malnutrition is a prevalent problem among diabetic patients due to their specific dietary requirements and 

restrictions [29]. By using a meal recommender system, nutritionists can ensure that patients receive the 

necessary nutrients and food groups in their diet, reducing the risk of malnutrition and its associated 

complications [30]. 

Furthermore, the development of a meal recommender system can save nutritionists time and effort in 

creating personalized meal plans, enabling them to focus on other important aspects of patient care [31]. 

The system can also help streamline the meal planning process, ensuring that patients receive their meals 

promptly and efficiently [32]. 

Economic implications. The economic feasibility of deploying this system in Rwandan hospitals 

warrants explicit consideration, since it was not measured in the present study. On the cost side, the 

prototype was deliberately built on open-source components (PHP and MySQL) and runs on computers 

already present in the participating hospitals, so the principal incremental costs are not licensing but 

implementation: server hosting or shared use of existing hospital infrastructure, network connectivity in 

ward and kitchen areas, devices for restaurant staff, initial training, and continuing technical maintenance 

and curation of the food database. On the benefit side, 60% of participants anticipated cost savings through 

reduced manual monitoring, and the plausible offsets are nutritionist time released for clinical tasks, fewer 

inappropriate or wasted meal trays, and, if glycemic control improves, a shorter length of stay, which has 

already been shown to be associated with malnutrition risk in this same patient population [33]. These 

offsets remain hypothetical. Systematic reviews of health service delivery interventions in low- and middle-

income countries and of digital health interventions more broadly report cost-effectiveness estimates that 

vary widely with implementation context, and both caution against assuming favourable economics in the 

absence of setting-specific data [37] [38]. A pragmatic way forward would be to nest a costing study within 

the pilot deployment proposed below, capturing set-up and recurrent costs alongside clinical outcomes, and 

to align this with the national digital health investment framework so that the system is costed as an addition 

to existing health information infrastructure rather than as a stand-alone platform [43]. 

4.1 Advantages of the application 

The system utilized by nutritionists, restaurant staff, and social workers to connect and collaborate offers 

several advantages for improving the lives of hospitalized diabetic patients. Firstly, it enables efficient 

communication and coordination between these key stakeholders, ensuring that everyone is on the same 

page regarding the dietary needs and restrictions of the patients. By reporting the available food in stores, 

the system allows nutritionists to make informed decisions while creating personalized meal plans for the 

patients, considering their specific nutritional requirements. This not only enhances the quality and 

appropriateness of the meals but also helps in managing blood sugar levels and promoting overall health. 

Additionally, the system streamlines the process of generating meal plans, reducing the time and effort 

required by nutritionists and enabling them to focus on other critical aspects of patient care. By facilitating 

effective collaboration and providing accurate information, this system plays a vital role in improving the 

overall well-being and quality of life for diabetic patients during their hospitalization. 
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The main aim of this system is to help users to get a proper diet plan to maintain his/her health routine 

in diabetes. The user enters his/her personal details such as Age, Weight, Height, Glucose level, Contact 

and Location (Hospital and Department), thereby creating his/her profile. Our System can calculate his 

BMI and BMR using their details and accordingly, the diet plan suggests to the user. 

4.2 Limitations of the application 

While the system described above offers numerous advantages, it is important to acknowledge its 

limitations, one limitation is the reliance on accurate and up-to-date information regarding the available 

food in stores. If the system does not receive timely updates or encounters inaccuracies in the reporting of 

food availability, it may lead to errors in meal planning and compromise the effectiveness of the system. 

Additionally, the system's effectiveness heavily relies on the collaboration and communication between 

nutritionists, restaurant staff, and social workers. In situations where there is a lack of cooperation or a 

breakdown in communication, the system's ability to generate appropriate meal plans and improve the 

overall life of hospitalized diabetic patients may be hindered. Furthermore, the system may not be fully 

customizable to accommodate individual patient preferences and dietary restrictions. This could limit its 

ability to provide personalized and tailored meal plans for each patient. It is crucial to address these 

limitations through continuous monitoring, feedback, and updates to ensure the system's optimal 

performance and maximize its benefits for diabetic patients. 

Several further limitations should be noted. First, the qualitative evaluation involved a small sample of 

11 hospital staff drawn from two referral hospitals in Kigali; this limits the transferability of the findings to 

other facilities, including lower-level district or rural hospitals with different staffing and resource levels. 

Although this number falls within the range at which thematic saturation is commonly reached for a 

narrowly defined qualitative objective [42], it precludes any subgroup comparison, for example between 

cadres or between the two hospitals, and the sample did not include ward nurses or attending physicians. 

Second, the system's nutrient calculations depend on the Tanzania Food Composition Table rather than a 

Rwanda-specific database; food composition can vary by growing conditions, preparation method, and 

region, and cross-country food composition tables carry documented limitations in sub-Saharan Africa, 

including outdated source data and gaps for local dishes [36]. Third, the present evaluation assessed 

prototype usability and validation from the perspective of hospital staff only; it did not include patient-level 

testing or measurement of clinical outcomes such as glycemic control, so the system's effect on actual 

patient health has not yet been demonstrated. Fourth, real-world deployment in Rwandan hospitals would 

need to contend with practical constraints not captured in this prototype evaluation, including intermittent 

internet connectivity, device availability for restaurant and ward staff, staff turnover and retraining needs, 

and the ongoing accuracy of food-stock data described above. Finally, the cost-effectiveness of deploying 

and maintaining the system at scale was not assessed in this study; digital health interventions in low-

resource hospital settings can incur non-trivial costs for hardware, connectivity, training, and maintenance, 

and evidence from other low- and middle-income country health-technology evaluations suggests that cost-

effectiveness should be assessed explicitly before scale-up, rather than assumed [37,38]. Addressing these 

limitations, particularly through patient-level clinical validation and a formal cost-effectiveness analysis, is 

an important direction for future work. 

4.3 Future Work 

Future work will aim to integrate our project web-based meal recommender system with an electronic 

health record (EHR). In the future, this system will enable health providers and hospitalized patients, 

whether they have diabetes or not, to effortlessly create meal plans that can enhance their health by 

incorporating diet, physical activity, medication, and potentially other factors.  

Beyond integration with the electronic health record, the priority for future work is clinical validation at 

patient level. The present evaluation established that the intended users regard the prototype as usable and 

its recommendations as plausible, but usability is not efficacy. A two-stage validation is therefore proposed. 

The first stage would be a single-arm pilot among hospitalized adults with type 2 diabetes at the two study 

sites, in which the system generates the meal plan actually served and outcomes are captured prospectively: 

fasting and post-prandial capillary glucose, glycaemic variability, the proportion of each prescribed meal 

consumed, and length of stay. The second stage would be a randomized controlled trial comparing system-

generated meal planning with standard nutritionist-led planning, powered on change in HbA1c, with 
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patient-reported acceptability and dietary adherence as secondary outcomes. HbA1c is the outcome on 

which comparable mHealth diabetes interventions in Africa and self-management interventions in sub-

Saharan Africa have been assessed and pooled, so adopting it would allow the system to be compared 

directly with the existing evidence base [41,44]. Reported reductions in HbA1c and glycaemic variability 

following comparable food recommender systems elsewhere offer a reasonable basis for the effect-size 

assumptions of such a trial [39]. The costing study described above should be nested within the second 

stage. 

5 Conclusion 

The study developed a meal recommender system to help nutritionists generate meal plans for diabetic 

patients. The system was designed to include local foods and consider the patients' physical activity level 

and food glycemic index. The system's strength is its ability to estimate users' physical activity level to 

suggest the best meal according to their calorie requirements.  
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