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ABSTRACT 

	Aims: This study was conducted to evaluate the impact of nutrition education and monitoring on the health outcomes of type 2 diabetic patients with comorbidities.
Study design:  Mention the design of the study here.
Place and Duration of Study: Endocrinology and Diabetology Unit, National Reference General Hospital of N’Djamena, between July and October 2023.
Methodology: This case-control study involved 120 diabetic patients with comorbidities of both sexes, who were divided into two groups: a control group of 24 patients that maintained their usual diet without nutritional guidance, and an intervention group of 96 patients that received individualized dietary counseling tailored to their diabetic status and associated conditions. Anthropometric and biochemical parameters were measured at baseline and after the nutritional follow-up. Data were collected using a structured questionnaire developed with Sphinx Plus² version 5 Lexical Edition (2013). Statistical analyses were performed with IBM SPSS Statistics 23, and group comparisons were made using the Chi-square test. The nutritional intervention included personalized meal planning, regular weight monitoring, and encouragement of physical activity.
Results: The results revealed that nutritional monitoring resulted in significant (p<0.05) reductions in mean levels of fasting blood glucose (1.19%), glycated hemoglobin (2.5%), triglycerides (0.9%), total cholesterol (0.67%), LDL (0.81%), creatinine (5%), and body mass index (7%) in obese and overweight diabetic patients. Additionally, it led to lower blood pressure in hypertensive diabetics, reduced renal impairment, and heart failure. Notably, HDL levels increased by 0.4%. Furthermore, the study showed a significant (p<0.05) improvement in knowledge about the importance of diet for diabetic patients, with a 35.5% increase in awareness.
Conclusion: Nutrition education was shown to enhance diabetics’ knowledge and skills in designing varied meal plans and improving their overall health status.
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1. INTRODUCTION

Type 2 Diabetes is considered one of the most significant health challenges in the world. According to the WHO, diabetes is a chronic condition brought on by insufficient insulin production by the pancreas or by inefficient insulin utilization by the body. This results in hyperglycemia, or an elevated blood glucose level (WHO, 2024b). The International Diabetes Federation (IDF) estimates that there are currently 537 million people aged 20 to 79 living with diabetes, making up 10.5% of the world's population in this age group.  The  IDF predicts an increase of 10.7% of diabetics by 2030 and 10.9% by 2045 (IDF, 2021).  Among the different types of diabetes, type II diabetes (T2D) is the most common worldwide, with a prevalence of 90% (Williams, 2019). In 2021, there were an anticipated 24 million diabetics in Africa; by 2045, that number is expected to rise by 129% to 55 million. This high prevalence of type 2 diabetes in Africa is partly due to the modernization, increased consumption of high-calorie foods and reduced physical activity leading to obesity (NCD Team, 2023). T2D diabetes is difficult to detect at the start of the pathology. Thus, chronically high or poorly controlled blood sugar ultimately affects many organs: the heart, liver, kidneys, eyes and blood vessels.    
In Chad, the prevalence of diabetes is high and amounts to 5.8% of the population aged 20-75. Among them 85% have type II diabetes(Dionadji M, Boy B, Mouanodji M, 2010). The hospital prevalence of diabetes at the National Reference University Hospital Center was 4% with a predominance of type II diabetes (89.6%)(Dionadji et al., 2015).
The management of type 2 diabetes occurs at several levels. It first includes patient education, diet, physical activity and, if necessary, drug treatment. Hygiene-dietary measures (HDM) constitute the focal point of care; it aims to maintain blood sugar and glycated hemoglobin within the normal range in order to prevent acute and chronic complications, to cover nutritional needs, and to preserve the patient's quality of life (Yeh et al., 2023). Nutrition monitoring is essential to prevent the development of chronic complications in type 2 diabetes (Minari et al., 2023).
The National Reference General Hospital in the city of N’Djamena (NRGHNC) welcomes diabetic patients. However, nutritional monitoring of these patients is lacking. Given the importance of nutrition for the latter, understanding the effects of traditional African cuisine, characterized by locally sourced ingredients and traditional cooking techniques, on type 2 diabetes management is crucial. This study seeks to examine the impact of nutrition education and monitoring on the health outcomes of type 2 diabetic patients receiving care at the National Reference University Hospital Center (NRUHC). Hence, the specific objectives of this investigation were to: (1) characterize the sociodemographic profile of the study population; (2) assess patients' knowledge and dietary habits; and (3) evaluate the efficacy of a tailored dietary plan on anthropometric measures (including Body Mass Index) and biochemical indicators (such as fasting blood glucose, glycated hemoglobin, triglycerides, creatinine, total cholesterol, LDL, and HDL).

2. METHODS

2.1.1. Study population

A case-control study was conducted in the Endocrinology and Diabetology Department of the NRGHNC for over twelve weeks, from July to October 2023, with the authorization granted by the Deputy Director General of the Hospital. The study focused on type 2 diabetic patients (regardless of their age and gender) admitted to the endocrinology-diabetology unit of the NRGHNC who gave their consent. The sample size was determined based on the Lorentz formula (equation 1):
  (1)
Where P is the prevalence of hyperglycemic people in Chad, (6% among people aged 20–75 years); Zα is the confidence level for the accepted statistical risk (1.96 for the 5% risk) and i is the desired precision (5%). 
The computed sample size was 96 subjects, however for better representativeness the study was carried out with 120 patients of both sexes divided into two groups: a test group of ninety-six patients following a specific diet according to the disease associated with their diabetic status, and a control group of twenty-four patients following their normal diet without nutritional advice.

2.1.2. Nutritional counselling 

Patients were received by nurses in an isolated and comfortable room where they could express themselves freely and with complete confidence. For each patient in the study, once oral consent was received, the patient was randomly assigned to either the case group (nutritional monitoring) or the control group. Anthropometric and biochemical parameters were immediately recorded using the patient's medical record. A questionnaire developed for this study, designed to collect data on dietary habits, lifestyle, and sociodemographic factors such as age, gender, marital status, religion, educational level, and occupation, was utilized throughout the interview process (refer to Survey Form). Subsequently, patients in the case group participated in a nutrition education session aimed at empowering them with the necessary knowledge and skills to make informed food choices, develop a tailored meal plan, and adopt healthy lifestyle habits, thereby improving their ability to manage their condition and promote overall health and well-being. The nutrition education session lasts for 30-45 minutes each week. Both groups of patients were evaluated at the end of the study using anthropometric and biochemical parameters to compare the results.

2.1.3. Nutritional monitoring

The 7-days diet plan partitioned into breakfast (7–9 a.m.), lunch (12–2 p.m.), and dinner (6–8 p.m.) (With one snack between meals if necessary) were prescribed to the test groups according to their eating habits, the season’s foodstuffs available and any pathologies associated with diabetes. Therefore, in addition to a low-fast sugar diet, type 2 diabetics who were overweight or obese were given a low-calorie diet high in fiber with a daily total energy intake (DTEI) estimated to 1680 Kcal/day (Appendix-1). The DASH diet (Dietary Approaches to Stop Hypertension) was recommended for hypertensive diabetics. It is low in salt, total fat, saturated fatty acids, and cholesterol but high in fruits, vegetables, dairy products (skimmed or partially skimmed), dietary fibers, potassium, calcium, and magnesium. It is also moderate in fish, lean meat and poultry, leguminous plants, seeds, and dry fruits with hulls (Appendix-2). Diabetics with renal insufficiency were prescribed an alkalizing diet that is rich in fruits and vegetables, low in protein (0.8 g/kg/day of protein), and restricted in meat, eggs, and cheese (Appendix-3). Those with heart failure or stroke were advised to follow a diet low in salt, saturated fat, and cholesterol, emphasizing meat, fish, fruits and vegetables, cereals, legumes, and oilseeds (Appendix-4). Diabetics with gout followed a diet low in animal purines, such as offal, red meats, legumes, seafood, cold cuts, fish, and eggs. They were advised to avoid foods high in fructose, like honey and bananas, and instead include more vegetables, cherries, low-fat dairy products, coffee, and water in their diet (Appendix-5). Food composition tables were used to estimate meal quantities. All these diets were coupled with the practice of moderate physical activities for at least 30 minutes per day. 

2.1.4. Nutritional evaluation

The nutritional interventions were evaluated using the dietary diversity score, food frequency questionnaires, and monitoring of systolic and diastolic blood pressure (SBP and DBP), hemoglobin A1c (HbA1c), and fasting blood glucose (FBG). The lipid profile (triglycerides, total cholesterol, LDL-C, and HDL-C) were also determined. Furthermore, the body mass index (BMI) (kg/m2) of patients at the beginning and end of the 12 weeks of experimentation was calculated based on equation 2.
 (Eq. 2)
The following nutritional status ranges were associated with BMI values (kg/m2): <18⋅5: underweight; 18⋅5–24⋅9: normal; 25–29⋅9: overweight; 30-34⋅9: primary obesity; 35–39⋅9: secondary obesity; ≥40: tertiary obesity (morbid)(WHO, 2014). Blood pressure (Systolic Blood Pressure (SBP) and Diastolic Blood Pressure (DBP)) and pulse were measured using an OMRON medical blood pressure monitor. After at least 5 minutes of rest in a seated position, the patient placed their right arm without clothing on the table, palm facing upwards. The cuff of the electronic blood pressure monitor (accuracy: ± 3 mm Hg for pressure, 5% for pulse) was adjusted around the patient's arm. The measurement was carried out by turning on the device and asking the patient to remain calm. The classification of blood pressure is done according to the WHO recommendations presented in Appendix-6. For the fasting blood sugar test, patients were required to abstain from eating or drinking anything except water for 8 to 10 hours prior to the test. The test was conducted using one-touch strips. One of the patient's index fingers was chosen and punctured with a lancet at the interdigital surface level. After gently cleaning the first drop of capillary blood, the second drop was then applied to the tip of the strip that had been inserted previously into the glucometer in order to read the blood sugar (mg/dl) on the glucometer screen. The blood sugar levels are as follows: FBG was classified as hypoglycemia: <0.6 g/l; normal blood sugar: 0.6–1.10 g/l; hyperglycemia: >1.26 g/l. A blood sample was collected by a nurse, labeled, and then processed to obtain plasma, which was subsequently used for analysis.

2.1.5. Statistical analysis

Software Sphinx Plus Edition Lexica-V5 was used to develop the survey sheet, and SPSS-v20 was used to analyze the data. The qualitative variables were presented as absolute and relative frequencies, while the quantitative variables were presented as medians with the interquartile intervals for data that did not have a normal distribution or as mean ± standard deviation for data that did. Correlations were made using the Spearman chi-square test for comparison of proportions.

2.1.6. Ethical considerations

The Deputy Director General of NRGHNC granted research authorization for all procedures involving human subjects, and this study was conducted in accordance with the principles outlined in the Declaration of Helsinki, as stated in the ethical clearance certificate number 15-/2025 (Carlson et al., 2004). During the nutritional intervention, appropriate standards for safeguarding each participant's rights and privacy were implemented. Participants provided their verbal informed permission. Controlled verbal permission was duly documented. The consent form made it very apparent that participation was voluntary, that participants could leave the study at any moment, and that all study requirements and dangers would be fully disclosed. Both the participants' identities and the privacy of the information gathered were ensured. Furthermore, neither the patients' physical integrity nor their clinical follow-up was harmed by this investigation.

3. RESULTS AND DISCUSSION

3.1.1. Results 

3.1.1.1. Socio-demographic characteristics of the study population

The sociodemographic characteristics of the participants were summarized in Table 1. The study population consisted of 44.16% men and 55.84% women. This provides a good balance in terms of gender representation. The most represented age group was 40 to 60 years old, accounting for 55% of the participants, with 16.6% being over 60 years old. Regarding the level of education, 30% of diabetics have no formal education, 16.6% have completed primary education, 28.3% have completed secondary education, and 25% have a higher education degree. The distribution of the population by socio-professional category allowed us to note that the most impacted group is that of housewives, constituting 27.5% of the sample. In terms of marital status, married individuals (58.3%) displayed a higher likelihood of being diabetic. 
Table 1: General characteristics of the study population
	Variable
	Case group (n=96)
	Control group(n=24)
	Total (n=120)

	
	N
	F (%)
	N
	F (%)
	N
	F (%)

	Gender 
	
	
	
	
	
	

	Male 
Female 
	43
53
	44.8
55.2
	10
14
	48
52
	53
67
	44.16
55.84

	Age range (year)  
	
	
	
	
	
	

	<20  
20-39 
40-60     
> 60                                                                
	10
17
50
19
	10.4
17.7
52.1
19.8
	3
4
16
1
	12.5
16.7
66.7
4.2
	13
21
66
20
	10.8
17.5
55
16.6

	Level of education
	
	
	
	
	
	

	None
Primary  
Secondary  
High
	31
17
19
29
	32.3
17.7
19.8
30.2
	5
3
5
11
	20.8
12.5
20.8
45.8
	36
20
34
30
	30
16.6
28.3
25

	Occupation   
	
	
	
	
	
	

	Housewives 
Merchant  
Farmer
Public servant Pensioner
	37
13
18
24
4
	38.5
13.5
18.8
25
4.2
	6
1
3
10
4
	25
4.2
12.5
41.7
16.7
	33
14
21
24
8
	27.5
11.6
17.5
20
6.6

	Marital status
	
	
	
	
	
	

	Married 
Single   
Widower 
Divorcee   
	54
13
10
19
	56.3
13.5
10.4
19.8
	16
2
2
4
	66.7
8.3
8.3
16.7
	70
15
12
23
	58.3
12.5
10
19.1


N: number of patients F: frequencies n: total number of studied patients

3.1.1.2. Lifestyle-dietary behaviors of surveyed patients

Based on Figure 1, it is evident that 39.4% of patients are aware of the significance of diet on health, while 60.6% are not. 
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Figure 1: Patient knowledge of the importance of diet on health















Figure 2 presents the distribution of the dietary diversity score in our study population. From this figure, it appears that 55% of the population have a low dietary diversity score, 30% have an average score, and 15% have a high daily dietary diversity score. 
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Figure 2: Distribution of dietary diversity score (DDS) of the patients














Figure 3 illustrates how patients are distributed based on their daily meal count. It shows that most patients (83.9%) consumed four meals daily. 
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Figure 3: Patient knowledge of the importance of diet on health

















3.1.1.3. Diabetes antecedents and associated pathologies of the participants

According to Table 2, 35% of diabetic patients reported experiencing symptoms for less than 5 years, while 65% had symptoms for more than 5 years. Notably, 88.3% of our study population had a family history of diabetes. 
Table 2: Family history and period of diagnosis of type 2 diabetes in the study population
	Variables
	Modality
	Number
	Frequency (%)

	Period of diagnosis of diabetes (year)
	< 5
	42
	35.00

	
	· 5
	78
	65.00

	Family history of diabetes
	Yes
	106
	88.30

	
	No
	14
	11.70



Figure 4 shows that 20.83% of patients in the case group were obese, and a significant proportion of diabetic patients also suffered from hypertension (17.70%). 
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Figure 4: Distribution of patients in the case group according to associated pathologies























Furthermore, Figure 5 reveals that obesity (86.5%) and hypertension (62.5%) were the most prevalent comorbidities among diabetic patients in the control group.
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Figure 5: Distribution of patients in the control group according to associated pathologies






















3.1.1.4. Effect of nutritional monitoring on anthropometric and biochemical parameters of the study groups before and after the intervention

Cases of obese diabetics
The diet proposed for obese (Appendix-1) was primarily based on a low-calorie diet (1600 to 1800 Kcal/day) focusing mainly on the consumption of low glycemic index foods, foods rich in dietary fiber and regular physical activity (at least 30 minutes each day). It can be observed from Table 3 that diabetic individuals following the proposed diet experienced a reduction in BMI (p = 0.001), blood sugar levels (p = 0.01), glycated hemoglobin (p = 0.05), cholesterol (p = 0.05), LDL (p = 0.01), and triglycerides (p = 0.045), along with an increase in HDL (p = 0.05). The percentage of patients suffering from obesity grade 3 dropped from 35% before intervention to 15% after intervention, corresponding to a global drop of about 42.85%. Hemoglobin levels above 8% decreased from 70% prior to food intervention to 20% following it.
Table 3: Impact of diet on Body Mass Index and biochemical parameters in obese diabetic patients
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Obesity grade 1: 30-34.9
	20.00
	50.00
	0.001
	28.80
	71.40
	0.756

	Obesity grade 2: 35-39.9
	45.00
	35.00
	
	57.10
	28.80
	

	Obesity grade 3: ≥ 40
	35.00
	15.00
	
	14.20
	0.00
	

	Blood glucose (g/l)
	

	< 0.6
	20.00
	0.00
	0.01
	0.00
	42.85
	0.567

	[0.6 –1.10]
	10.00
	60.00
	
	60.00
	0.00
	

	[1.11 – 1.25]
	20.00
	30.00
	
	30.00
	0.00
	

	> 1.25
	50.00
	10.00
	
	10.00
	57.14
	

	Glycated hemoglobin (%)
	

	< 6.5
	10.00
	30.00
	0.05
	0.00
	14.28
	0.453

	[6.6 –8%]
	20.00
	50.00
	
	14.28
	14.28
	

	> 8%
	70.00
	20.00
	
	85.71
	71.42
	

	Total cholesterol (mg/dl)
	
	
	
	
	
	

	< 2
	0.00
	75.00
	0.05
	14.28
	0.00
	0.543

	[2.1 –3]
	45.00
	10.00
	
	57.14
	28.57
	

	> 3
	55.00
	15.00
	
	28.57
	71.42
	

	LDL cholesterol (mg/dl)
	

	< 1.5
	10.00
	65.00
	0.01
	0.00
	57.14
	0.564

	[1.6 –2.5]
	70.00
	25.00
	
	71.42
	42.85
	

	> 2.5
	20.00
	10.00
	
	28.57
	0.00
	

	Triglyceride (mg/dl)
	

	< 2
	20.00
	50.00
	0.01
	28.57
	14.28
	0.321

	[2.1 –4]
	35.00
	40.00
	
	28.57
	57.14
	

	> 4
	45.00
	10.00
	
	57.14
	28.57
	

	HDL Cholesterol (mg/dl)
	
	
	
	
	
	

	< 0.3
	75.00
	60.00
	0.05
	28.57
	71.42
	0.845

	[0.3 –0.5]
	15.00
	25.00
	
	57.14
	14.28
	

	> 0.5
	10.00
	15.00
	
	14.28
	14.28
	


Case group n=20; Control group n=7.
[bookmark: _Hlk212020560]p-value < 0.05 indicate that the difference is statistically significant

Cases of hypertensive diabetics
The diet proposed to hypertensive people (Appendix-2) was mainly based on a low-sodium diet (less than 5g of cooking salt per day/DASH diet), normal calories, and a balanced diet. It appears from Table 4 that diabetic people who followed the proposed diet had a reduction in BMI (p = 0.042), blood glucose (p = 0.01), glycated hemoglobin (p = 0.05), LDL (p = 0.04), Triglyceride (p = 0.045) and a significant increase in HDL level (p = 0.001). Table 4 also show a significant reduction (p=0.01) of blood pressure in case group after nutritional intervention. Before the nutritional intervention, grade 1 hypertension affected 13.33% of patients, grade 2 hypertension affected 46.67%, and grade 3 hypertension affected 33.33%. After the intervention, grade 1 hypertension increased to 53.33%, grade 2 hypertension decreased to 40%, and grade 3 hypertension decreased to 6.67%. 
Table 4: Effect of DASH diet on Body Mass Index and Biochemical parameters in Patients with Hypertension and Diabetes
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Underweight: < 19
	0.00
	0.00
	0.042
	28.57
	0.00
	0.542

	Normal: 19-24.9
	15.00
	40.00
	
	0.00
	28.57
	

	Overweight: 25-29.9
	50.00
	35.00
	
	42.87
	57.14
	

	Obesity ≥ 30
	35.00
	25.00
	
	28.50
	14.28
	

	Blood glucose (g/l)
	

	< 0.6
	20.00
	0.00
	0.001
	16.66
	33.34
	0.654

	[0.6 –1.10]
	13.33
	53.34
	
	0.00
	0.00
	

	[1.11 – 1.25]
	20.00
	33.34
	
	33.34
	0.00
	

	> 1.25
	45.67
	13.34
	
	50.00
	66.66
	

	Glycated hemoglobin (%)
	

	< 6.5
	0.00
	60.00
	0.05
	16.66
	16.66
	0.876

	[6.6 –8%]
	20.00
	20.00
	
	33.34
	0.00
	

	> 8%
	80.00
	20.00
	
	50.00
	83.34
	

	LDL cholesterol (mg/dl)
	
	
	
	
	
	

	< 1.5
	20.00
	66.66
	0.04
	16.67
	33.33
	0.534

	[1.6 –2.5]
	46.66
	13.34
	
	33.33
	50.00
	

	> 2.5
	33.34
	20.00
	
	50.00
	16.66
	

	Triglyceride (mg/dl)
	
	
	
	
	
	

	< 2
	0.00
	53.33
	0.01
	0.00
	16.66
	0.603

	[2.1 –4]
	80.00
	46.67
	
	66.67
	83.33
	

	> 4
	20.00
	0.00
	
	33.33
	0.00
	

	HDL Cholesterol (mg/dl)
	
	
	
	
	
	

	< 0.3
	66.66
	20.00
	0.001
	33.33
	50.00
	0.765

	[0.3 –0.5]
	20.00
	60.00
	
	16.67
	33.33
	

	> 0.5
	13.34
	30.00
	
	50.00
	16.66
	

	Blood pressure (mmHg)
	
	
	
	
	
	

	Grade 1: 140 – 159
	13.33
	53.33
	0.01
	42.85
	28.57
	0.675

	Grade 2: 160 – 179
	46.67
	40.00
	
	28.57
	0.00
	

	Grade 3: > 180
	33.33
	6.67
	
	28.57
	71.42
	


Case group n=15; Control group n=6
p-value < 0.05 indicate that the difference is statistically significant

[bookmark: _Toc151639919]Case of diabetics suffering from Gout
The dietary plan proposed for individuals with diabetes and gout (Appendix-3) primarily focuses on a hypouricemic, hypocaloric diet. Patients are advised to adhere to some recommendations: (a) Reduce purine intake: As purines can trigger gout attacks, limiting foods rich in purines, such as red meat, seafood, legumes, and processed foods, can help alleviate symptoms (Y. Zhang et al., 2022). (b) Increase consumption of fruits and vegetables: Rich in antioxidants and fiber, fruits and vegetables can help reduce inflammation and promote overall health (Do et al., 2024). (c) Opt for lean protein sources: Choosing lean protein sources, such as poultry, fish, and legumes, can help minimize purine intake (Yokose et al., 2021). (d) Limit sugar and saturated fat consumption: Restricting sugar and saturated fat intake can aid in managing diabetes and gout (Hua et al., 2024). (e) Stay hydrated: Drinking plenty of water can help eliminate toxins and prevent gout attacks (Helget & Mikuls, 2022). Diabetic individuals who adhered to the proposed diet as shown in table 5 was found to exhibit significant reductions in Body Mass Index (BMI) (p = 0.012), blood glucose levels (p = 0.05), glycated hemoglobin (HbA1c) (p = 0.01), total cholesterol (p = 0.024), low-density lipoprotein (LDL) cholesterol (p = 0.04), and triglycerides (p = 0.045). Moreover, a significant increase in high-density lipoprotein (HDL) levels was observed (p = 0.01). 

Table 5: Effect of diet on Body Mass Index and Biochemical parameters in diabetics patients with gout
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Underweight: < 19
	0.00
	0.00
	0.124
	25.00
	0.00
	0.235

	Normal: 19-24.9
	25.00
	60.00
	
	0.00
	0.00
	

	Overweight: 25-29.9
	50.00
	30.00
	
	25.00
	75.00
	

	Obesity ≥ 30
	25.00
	10.00
	
	50.00
	25.00
	

	Blood glucose (g/l)
	

	< 0.6
	25.00
	0.00
	0.036
	0.00
	0.00
	0.079

	[0.6 –1.10]
	12.50
	66.66
	
	25.00
	0.00
	

	[1.11 – 1.25]
	0.00
	33.33
	
	25.00
	25.00
	

	> 1.25
	62.50
	0.00
	
	50.00
	75.00
	

	Glycated hemoglobin (%)
	

	< 6.5
	0.00
	50.00
	0.021
	0.00
	25.00
	0.01

	[6.6 –8%]
	25.00
	37.50
	
	25.00
	50.00
	

	> 8%
	75.00
	12.50
	
	75.00
	25.00
	

	Total cholesterol (mg/dl)
	

	< 2
	25.00
	87.50
	0/04
	25.00
	0.00
	0.934

	[2.1 –3]
	62.50
	12.50
	
	50.00
	75.00
	

	> 3
	12.50
	0.00
	
	25.00
	25.00
	

	LDL cholesterol (mg/dl)
	

	< 1.5
	0.00
	87.50
	0.04
	0.00
	25.00
	0.865

	[1.6 –2.5]
	25.00
	12.50
	
	0.00
	50.00
	

	> 2.5
	75.00
	0.00
	
	100.00
	25.00
	

	Triglyceride (mg/dl)
	

	< 2
	12.50
	62.50
	0.023
	0.00
	50.00
	0.987

	[2.1 –4]
	37.50
	25.00
	
	75.00
	0.00
	

	> 4
	50.00
	12.50
	
	25.00
	50.00
	

	HDL Cholesterol (mg/dl)
	

	< 0.3
	62.50
	12.50
	0.024
	25.00
	0.00
	0.567

	[0.3 –0.5]
	25.00
	75.00
	
	50.00
	25.00
	

	> 0.5
	12.50
	12.50
	
	25.00
	75.00
	


Case group n = 8; Control group n = 4
p-value < 0.05 indicate that the difference is statistically significant
Cases of diabetics suffering from kidney failure 
The diet proposed to people with kidney failure (Appendix-4) was mainly based on a hypo-protein diet ranging from 0.8g/Kg/d in protein, hypoglycemic, normal calories, and a balanced diet. According to Table 6, diabetic individuals who adhered to the proposed diet low in proteins demonstrated significant reductions in BMI (p = 0.01), blood glucose (p = 0.001), glycated hemoglobin (p = 0.01), total cholesterol (p = 0.02), LDL (p = 0.05), triglycerides (p = 0.05), and creatinine (p = 0.05). Additionally, a significant increase in HDL levels was observed (p = 0.012).

Table 6: Effect of diet on body mass index and biochemical parameters in diabetic patients suffering from kidney failure 
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Underweight: < 19
	20.00
	0.00
	0.01
	25.00
	0.00
	0.895

	Normal: 19-24.9
	10.00
	60.00
	
	0.00
	0.00
	

	Overweight: 25-29.9
	60.00
	30.00
	
	25.00
	75.00
	

	Obesity ≥ 30
	10.00
	10.00
	
	50.00
	25.00
	

	Blood glucose (g/l)
	

	< 0.6
	20.00
	0.00
	0.001
	0.00
	0.00
	0.367

	[0.6 –1.10]
	10.00
	40.00
	
	25.00
	0.00
	

	[1.11 – 1.25]
	0.00
	50.00
	
	25.00
	25.00
	

	> 1.25
	70.00
	10.00
	
	75.00
	75.00
	

	Glycated hemoglobin (%)
	

	< 6.5
	10.00
	40.00
	0.01
	50.00
	50.00
	0.765

	[6.6 –8%]
	20.00
	50.00
	
	0.00
	25.00
	

	> 8%
	70.00
	10.00
	
	50.00
	25.00
	

	Total cholesterol (mg/dl)
	

	< 2
	13.33
	60
	0.02
	25.00
	50.00
	0.123

	[2.1 –3]
	46.67
	26.66
	
	25.00
	0.00
	

	> 3
	40
	13.34
	
	50.00
	50.00
	

	LDL cholesterol (mg/dl)
	

	< 1.5
	30.00
	70.00
	0.015
	0.00
	50.00
	0.415

	[1.6 –2.5]
	20.00
	20.00
	
	50.00
	25.00
	

	> 2.5
	50.00
	10.00
	
	50.00
	25.00
	

	Triglyceride (mg/dl)
	

	< 2
	0.00
	50.00
	0.05
	25.00
	50.00
	0.823

	[2.1 –4]
	40.00
	20.00
	
	75.00
	25.00
	

	> 4
	60.00
	30.00
	
	0.00
	25.00
	

	HDL Cholesterol (mg/dl)
	

	< 0.3
	60.00
	20.00
	0.05
	50.00
	75.00
	0.532

	[0.3 –0.5]
	10.00
	70.00
	
	25.00
	0.00
	

	> 0.5
	30.00
	10.00
	
	25.00
	25.00
	

	Creatinine (g/l)
	

	< 12
	10.00
	90.00
	0.05
	25.00
	0.00
	0.567

	[13 – 15]
	20.00
	10.00
	
	75.00
	75.00
	

	> 15
	60.00
	0.00
	
	0.00
	25.00
	


Case group n=10; Control group n=4
p -value < 0.05 indicate that the difference is statistically significant

Cases of diabetics suffering from heart failure and stroke
The proposed diet for individuals suffering from heart failure and stroke (Appendix-5) primarily consisted of a low-sodium, hypoglycemic diet, low in saturated fats, and free from alcohol and tobacco. Additionally, the diet emphasized an increase in foods rich in polyunsaturated fatty acids, particularly omega-3 fatty acids, which have been shown to protect against cardiovascular disease. These fatty acids are predominantly found in fatty fish (herring, mackerel, sardines), as well as in sesame seeds and dietary fiber. Regular physical activity was also encouraged. 
As evident from Tables 7 and 8 adherences to the proposed diet resulted in significant reductions in BMI (p = 0.038), blood sugar (p = 0.01), glycated hemoglobin (p = 0.046), total cholesterol (p = 0.01), LDL (p = 0.041), and triglycerides (p = 0.035).

Table 7: Effect of diet on body mass index and biochemical parameters in diabetic patients suffering from heart failure 
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Underweight: < 19
	0.00
	0.00
	0.038
	0.00
	33/34
	0.387

	Normal: 19-24.9
	18.75
	62.50
	
	33.33
	0.00
	

	Overweight: 25-29.9
	56.25
	25.00
	
	33.33
	66.66
	

	Obesity ≥ 30
	25.00
	6.25
	
	33.33
	0.00
	

	Blood glucose (g/l)
	

	< 0.6
	18.75
	6.25
	0.01
	0.00
	33.33
	0.789

	[0.6 –1.10]
	0.00
	31.25
	
	0.00
	0.00
	

	[1.11 – 1.25]
	12.50
	56.25
	
	33.33
	0.00
	

	> 1.25
	68.75
	6.25
	
	66.67
	66.67
	

	Glycated hemoglobin (%)
	

	< 6.5
	18.75
	50.00
	0.046
	0.00
	0.00
	0.532

	[6.6 –8%]
	12.25
	31.25
	
	0.00
	33.34
	

	> 8%
	68.75
	18.75
	
	100
	66.66
	

	Total cholesterol (mg/dl)
	

	< 2
	10.00
	66/66
	0.01
	50.00
	0.00
	0.567

	[2.1 –3]
	60.00
	16.16
	
	0.00
	50.00
	

	> 3
	50.00
	8.83
	
	50.00
	50.00
	

	LDL cholesterol (mg/dl)
	

	< 1.5
	30.00
	70.00
	0.04
	30.00
	70.00
	0.04

	[1.6 –2.5]
	20.00
	20.00
	
	20.00
	20.00
	

	> 2.5
	50.00
	10.00
	
	50.00
	10.00
	

	Triglyceride (mg/dl)
	

	< 2
	0.00
	50.00
	0.035
	25.00
	50.00
	0.823

	[2.1 –4]
	40.00
	20.00
	
	75.00
	25.00
	

	> 4
	60.00
	30.00
	
	0.00
	25.00
	

	HDL Cholesterol (mg/dl)
	

	< 0.3
	60.00
	20.00
	0.05
	50.00
	75.00
	0.532

	[0.3 –0.5]
	10.00
	70.00
	
	25.00
	0.00
	

	> 0.5
	30.00
	10.00
	
	25.00
	25.00
	


Case group n=16; Control group n=3
p -value < 0.05 indicate that the difference is statistically significant



Table 8: Effect of diet on body mass index and biochemical parameters in diabetic patients suffering from stroke
	Parameters     /    Groups
	Frequency (%)
	p value
	Frequency (%)
	p value

	
	Case
	
	Control
	

	Body Mass Index (kg/m2) 
	Before
	After
	
	Before
	After
	

	Underweight: < 19
	0
	0
	0.001
	0
	33.34
	0.387

	Normal: 19-24.9
	25
	75
	
	33.33
	0
	

	Overweight: 25-29.9
	58.33
	16.67
	
	33.33
	66.66
	

	Obesity ≥ 30
	16.68
	8.33
	
	33.33
	0
	

	Blood glucose (g/l)
	

	< 0.6
	16.66
	8.34
	0.023
	0
	33.33
	0.789

	[0.6 –1.10]
	8.34
	25
	
	0
	0
	

	[1.11 – 1.25]
	0
	58.34
	
	33.33
	0
	

	> 1.25
	75
	8.34
	
	66.67
	66.67
	

	Glycated hemoglobin (%)
	

	< 6.5
	0
	50
	0.046
	0
	0
	0.532

	[6.6 –8%]
	25
	33.34
	
	0
	33.34
	

	> 8%
	75
	16.66
	
	100
	66.66
	

	Total cholesterol (mg/dl)
	

	< 2
	16.66
	75
	0.001
	50
	0
	0.567

	[2.1 –3]
	50
	16.66
	
	0
	50
	

	> 3
	33.34
	8.34
	
	50
	50
	

	LDL cholesterol (mg/dl)
	

	< 1.5
	16.66
	75
	0.001
	30
	70
	0.04

	[1.6 –2.5]
	50
	16.66
	
	20
	20
	

	> 2.5
	33.34
	8.34
	
	50
	10
	

	Triglyceride (mg/dl)
	

	< 2
	25
	66.67
	0.02
	25
	50
	0.823

	[2.1 –4]
	33.33
	8.33
	
	75
	25
	

	> 4
	41.67
	25
	
	0
	25
	

	HDL Cholesterol (mg/dl)
	

	< 0.3
	75
	8.34
	0.03
	50
	75
	0.532

	[0.3 –0.5]
	8.33
	66.66
	
	25
	0
	

	> 0.5
	16.67
	25
	
	25
	25
	


Case group n=12; Control group n=3
p -value < 0.05 indicate that the difference is statistically significant

3.1.2. Discussion

Implementing a dietary regimen is crucial for diabetes management, but some hospitals, such as NRGHNC, face challenges. The sociodemographic characteristics of the study population reveal notable trends. The gender distribution, with 44.16% men and 55.84% women, suggests a relatively good balance in terms of gender representation. This balance allows for a better understanding of the impact of diabetes on both genders. The age distribution shows that the majority of participants (55%) fall within the 40-60 age group, which is consistent with existing literature that suggests that the risk of developing type 2 diabetes increases with age, although the exact mechanisms underlying this relationship are not fully understood (Yan et al., 2023). The proportion of participants over 60 years old (16.6%) also highlights the need for targeted interventions for older adults, who are more susceptible to diabetes-related complications (Fazeli et al., 2019). This highlights the need for further research into the underlying mechanisms of the age-related increase in T2D prevalence, which could lead to new treatment opportunities. The educational level of the participants is noteworthy, with 30% having no formal education. Similar findings were reported by Kambou (1995) in Benin, where a high proportion of diabetic patients had no formal education (45%) (Kambou Ludovic, 1997). In line with Song et al.'s (2019) findings, the present results show that individuals with higher levels of education have a reduced risk of diabetes (Song et al., 2019). This may be attributed to the fact that individuals with higher education levels are more likely to effectively manage their blood glucose levels and have a greater understanding of the condition. The occupational distribution reveals that housewives constitute the largest proportion of the sample (27.5%). This finding may be related to the fact that women, particularly those in domestic roles, frequently eat multiple snacks when cooking. Carlson et al.'s (2019) results show that the relationship between occupation and type 2 diabetes was marked by significant differences in the prevalence of lifestyle risk factors. While civil engineers, architects, teachers, physiotherapists, authors, managers, and computer scientists had the lowest incidence and prevalence, manufacturing workers, drivers, and cleaners had the highest prevalence and incidence (Carlsson et al., 2020).
The results presented in Figures 1, 2, and 3 provide valuable insights into the dietary habits and awareness of patients in our study population. Firstly, Figure 1 highlights a concerning trend, where 60.6% of patients are unaware of the significance of diet on health, while only 39.4% are aware. This lack of awareness is consistent with preview study that have shown that one-third of individuals with diabetes, have limited knowledge about the importance of diet in managing their condition (Waqas Sami et al., 2017). For instance, a study by Kawalka et al., (2025) found that patients with diabetes often struggle to make informed dietary choices due to limited nutrition knowledge (Kawalkar et al., 2025). This result differs from that of Alkhudidi et al. (2021) in Saudi Arabia, which indicates that the majority of patients (90%) possess a good understanding of the significance of diet in the management of type 2 diabetes (Alkhudidi et al., 2021). This difference can be ascribed to the lower level of education among our study population in comparison to the group studied by Alkhudidi et al. (2021), where the majority (89.8%) were educated. 
The dietary diversity score, as presented in Figure 2, reveals that a significant proportion of the population (55%) has a low dietary diversity score, indicating a lack of variety in their diet. This is concerning, as a diverse diet is essential for maintaining optimal health and preventing chronic diseases (Ley et al., 2014). According to Ley et al ., (2020), a diet rich in fruits, vegetables, whole grains, and lean protein can help reduce the risk of chronic diseases, including diabetes and cardiovascular disease (Ye et al., 2022). The fact that only 15% of the population have a high daily dietary diversity score suggests that many patients may be at risk of nutrient deficiencies and chronic diseases. Differences in dietary diversity scores within the study population may be attributed to variations in economic level and nutrition knowledge, which is likely linked to education level. 
Food frequencies referring to the number of meals consumed in a day help calculate the caloric intake necessary to regulate energy levels and prevent hypoglycemia. The frequency of meal consumption is crucial for diabetic patients, as the effectiveness of their medication is contingent upon it. In elderly individuals with type 2 diabetes, a greater frequency of meals promptly reduces spikes in glucose levels and decreases insulin and free fatty acid (FFA) levels throughout the day (Bertelsen et al., 1993). Figure 3 shows that the majority of patients (83.9%) consume four meals daily. This finding is consistent with previous studies that have shown that eating frequency can have a significant impact on glucose regulation and weight management (Alkhulaifi & Darkoh, 2022). However, data on whether patients are consuming meals at regular intervals or snacking frequently throughout the day are not available.
The findings in Table 2 and Figures 4 and 5 shed important light on the traits of the diabetic patients in our research sample. The finding that 65% of diabetic patients had symptoms for more than 5 years suggests that many patients may have had undiagnosed or poorly managed diabetes for an extended period. This is consistent with previous studies that have shown that delayed diagnosis and inadequate management of diabetes can lead to increased risk of complications (Ye et al., 2022). Early detection and treatment of diabetes are critical to preventing long-term complications and improving patient outcomes (WHO, 2024a). 
The high prevalence of family history of diabetes (88.3%) in the study population is consistent with previous studies that have shown that the more a person is exposed to risk factors of genetic origin, the higher the likelihood of developing diabetes early (Piko et al., 2021). This assumption tends to be confirmed in this study, with 88.3% of the study population having a family history. The results also highlight the significant burden of comorbidities among diabetic patients. Obesity and hypertension were found to be prevalent comorbidities in both the case and control groups. This can be attributed to the imbalance between caloric intake and expenditure on the one hand, and the lack of regular physical activity on the other hand. Moreover, obesity predisposes individuals to certain comorbidities, such as dyslipidemia and hypercholesterolemia, which are risk factors for diabetes (Chandrasekaran & Weiskirchen, 2024).
The high prevalence of hypertension (17.70%) among diabetic patients can be attributed to the fact that diabetes can lead to high blood pressure. Specifically, excess glucose converted into fat is a cardiovascular risk factor that contributes to hypertension. Furthermore, diabetes is a major risk factor for various complications, including blindness, kidney failure, heart attacks, strokes, and lower limb amputation (Jia & Sowers, 2021).
The results presented in Tables 3-8 demonstrate the effectiveness of a comprehensive dietary intervention in improving health outcomes for individuals with diabetes and associated complications. The proposed diet in table 3 who are supposed to manage diabetes suffering from obesity focused on low-calorie intake, low glycemic index foods, high dietary fiber, and regular physical activity, led to significant reductions in BMI, blood sugar levels, glycated hemoglobin, cholesterol, LDL, and triglycerides, as well as an increase in HDL.
The proposed diet outlined in Table 3, designed to manage diabetes in individuals with obesity, emphasized low-calorie intake, low glycemic index foods, high dietary fiber, and regular physical activity, resulting in significant reductions in BMI, blood sugar levels, glycated hemoglobin, cholesterol, LDL, and triglycerides, as well as an increase in HDL. The decrease in BMI, blood sugar levels, glycated hemoglobin, cholesterol and triglycerides may be attributed to the consumption of a balanced diet and soluble dietary fiber, which reduces glucose absorption and results in delayed carbohydrate digestion. Additionally, the practice of regular physical activity contributes to an increase in basal metabolism, thereby accelerating weight loss. Studies have shown the effectiveness of physical exercise in reducing glycated hemoglobin levels. The mechanisms that raise blood glucose levels are regulated by the contraction of muscles during physical exercise. Complex pathways are involved, which ultimately lead to an increase in glucose uptake, insulin sensitivity, fat oxidation in liver and muscle, vasodilatation, blood flow, glucose transport in vessel, reduction of fat deposit in adipocyte and improvement of the endocrine pancreas's performance (Singh et al., 2023). Furthermore, the reduction in LDL cholesterol, triglycerides and an increase in HDL cholesterol levels could be explained by the presence of bioactive compounds in the foods that they consumed, in particular phenolic compounds, phytosterols and soluble dietary fibers (SDF), making it possible to reduce cholesterol levels in the blood, hence the hypocholesterolemic effect observed. There are several hypothesized mechanisms explaining how phytosterols prevent cholesterol from being absorbed. These include blocking the hydrolysis of cholesterol ester, competing with cholesterol for solubilization into mixed micelles, co-crystallizing phytosterols and cholesterol, interfering with transport across enterocytes apical membrane, and impairing the intracellular re-esterification of cholesterol by acyl-coenzyme A: cholesterol acyltransferase-2 (ACAT-2) for incorporation into chylomicrons and lymphatic system secretion (Jesch & Carr, 2017). The benefits of SDF in lowering cholesterol have been attributed to three main biological mechanisms: prevention of the small intestine's bile salt (BS) re-absorption, which results in an excess of faecal BS excretion; a decreased glycemic response, which results in less insulin stimulating the production of hepatic cholesterol; and physiological effects of SDF fermentation products, primarily propionate (Gunness & Gidley, 2010).
Diabetes and hypertension are two prevalent metabolic diseases that frequently coexist in the same person. The risk of cardiovascular disease, renal failure, and other consequences is increased when they coexist. Having diabetes can lead to high blood pressure because of problems with the immune system, vascular endothelial dysfunction, over activity of the renin-angiotensin-aldosterone system, maladaptive changes in the autonomic nervous system, and detrimental environmental variables (Naha et al., 2021). The Dietary Approaches to Stop Hypertension (DASH) promotes the consumption of vegetables and fruits, lean meat and dairy products, and the inclusion of micronutrients in the menu. It also advocates the reduction of sodium in the diet to about 1500 mg/day (Challa et al., 2020). Following the DASH diet by diabetic’s patients with hypertension has beneficial effects in improving systolic blood pressure like show in table 4.
Gout is a common complication in diabetic patients, resulting from the accumulation of uric acid crystals in the joints, and involves a complex interplay of metabolic and hormonal factors. Insulin resistance and hyperinsulinemia, impaired glucose metabolism, increased fructose metabolism, impaired renal uric acid excretion, and chronic inflammation and oxidative stress all contribute to the development of gout in diabetic patients (Piko et al., 2021; Chandrasekaran & Weiskirchen, 2024; (Jia & Sowers, 2021; Singh et al., 2023). Specifically, insulin resistance leads to hyperinsulinemia, which stimulates uric acid reabsorption in the kidneys, increasing serum uric acid levels (Sakallı et al., 2023), while impaired glucose metabolism and increased fructose consumption stimulate uric acid production through the pentose phosphate pathway and liver metabolism, respectively (Chandrasekaran & Weiskirchen, 2024; Jia & Sowers, 2021). Additionally, impaired renal function reduces uric acid excretion (Packer, 2024), and chronic inflammation and oxidative stress promote uric acid production and crystal formation (Anaizi, 2023), ultimately leading to gout development in diabetic patients. The proposed dietary plan for individuals with diabetes and gout, as outlined in Appendix-3, is a comprehensive approach that targets the management of both conditions. The plan's focus on a hypouricemic, hypocaloric diet is well supported by existing literature. Limiting foods rich in purines, such as red meat, seafood, and processed foods, can help alleviate symptoms. A study published in the European Journal of Medical Research found that a low-purine diet can significantly reduce serum uric acid levels and gout attack frequency (Chen et al., 2024). The results of the study demonstrate that diabetic individuals who adhered to the proposed diet exhibited significant reductions in BMI, blood glucose levels, HbA1c, total cholesterol, LDL cholesterol, and triglycerides. Moreover, a significant increase in HDL levels was observed (Table 5). These findings are consistent with previous studies that have shown the benefits of a comprehensive dietary approach in managing diabetes and gout (Taju et al., 2024)
Diabetic nephropathy is a common complication of diabetes, resulting from a complex interplay of biochemical and molecular mechanisms. Key biochemical mechanisms contributing to renal insufficiency in diabetic patients include the formation of advanced glycosylation end-products (AGEs), activation of the polyol pathway, increased expression of transforming growth factor-β (TGF-β), activation of protein kinase C (PKC), and impaired nitric oxide production (Jesch & Carr, 2017; Gunness & Gidley, 2010). These mechanisms lead to the accumulation of cross-linked molecules in renal tissue, oxidative stress, inflammation, and fibrosis, ultimately contributing to renal damage and insufficiency. Consuming a low-protein diet may be beneficial for individuals with diabetes, particularly those with kidney disease. A low-protein diet can reduce kidney strain, as high protein intake can exacerbate kidney disease in individuals with diabetes (Jesch & Carr, 2017; Naha et al., 2021). Additionally, some studies suggest that low-protein diets may help improve blood sugar control in individuals with type 2 diabetes  and can be effective for weight loss, a key component of diabetes management (Kurtzhals et al., 2023). The proposed diet for individuals with kidney failure showed significant reductions in various health markers and a significant increase in HDL levels. The decrease in protein consumption is in line with research that indicates a low-protein diet may help halt the course of renal disease (X. long Zhang et al., 2023). The reduction in creatinine levels is also significant, as it suggests that the diet may have helped to improve kidney function or slow the progression of kidney disease. Creatinine is a waste product that is filtered by the kidneys, and high levels can indicate kidney damage or disease (Li et al., 2023). 
In diabetic patients, the biochemical mechanism underlying heart failure and stroke involves a complex interplay of insulin resistance, oxidative stress, and inflammation. Hyperglycemia and insulin resistance trigger the activation of the renin-angiotensin-aldosterone system (RAAS), leading to elevated angiotensin II levels, which promote vasoconstriction, inflammation, and fibrosis (Batista et al., 2023). This results in endothelial dysfunction, characterized by reduced nitric oxide production and increased endothelin-1 levels, contributing to impaired vasodilation and increased vascular resistance (Dubsky et al., 2023). Furthermore, chronic inflammation and oxidative stress lead to atherosclerosis, cardiac remodeling, and ultimately, heart failure and stroke (Anaizi, 2023; Chen et al., 2024). The proposed diet for individuals with heart failure and stroke is a well-rounded approach that targets multiple risk factors for cardiovascular disease. The diet's emphasis on low sodium, hypoglycemic, and low saturated fat intake, as well as the inclusion of foods rich in omega-3 fatty acids and regular physical activity.

4. CONCLUSION 

This study demonstrates the significant impact of nutrition education and monitoring on the health status of diabetic patients with associated pathologies. The results show that nutritional monitoring led to significant improvements in anthropometric and biochemical parameters, including reductions in fasting blood glucose, glycated hemoglobin, triglycerides, total cholesterol, LDL, creatinine, and body mass index. Additionally, it resulted in lower blood pressure in hypertensive diabetics, reduced renal impairment, and heart failure. Notably, HDL levels increased significantly. Furthermore, the study highlights the importance of nutrition education in improving knowledge and skills of diabetic patients, with a significant increase in awareness about the importance of diet for diabetic patients. Overall, this study emphasizes the crucial role of nutrition education and monitoring in the management of type 2 diabetes and associated pathologies, and underscores the need for healthcare professionals to prioritize nutrition education and counseling in the care of diabetic patients.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS
ADA: American Diabetes Association
DF: Dietary Fiber 
GI: Glycemic index 
HDL: High-Density Lipoprotein
IDF: International Diabetes Federation
LDL: Low-Density Lipoprotein 
T2D: Type 2 diabetes
HDM: Hygiene-Dietary Measures
NRGHNC: National Reference General Hospital in the city of N’Djamena
NRUHC: National Reference University Hospital Center
BMI: Body Mass Index
DTEI: Daily Total Energy Intake
DASH: Dietary Approaches to Stop Hypertension
HbA1c: Haemoglobin A1c
FBG: Fasting Blood Glucose
SBP: Systolic Blood Pressure
DBP: Diastolic Blood Pressure 
HBP: High Blood Pressure
WHO: Word Health Organization
DDS: Dietary Diversity Score
FFA: Free Fatty Acid
ACAT-2: Cholesterol acyltransferase-2
SDF: Soluble Dietary Fibers 
BS: Bile Salt
AGEs: Advanced Glycosylation End-products
TGF-β: Transforming Growth Factor- β
PKC: Protein Kinase C 
RAAS: Renin-Angiotensin-Aldosterone System
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APPENDIX
APPENDIX-1: Seven-day diet plan for overweight diabetic
	Meals/days
	Breakfast (7–9 a.m.)
	Lunch (12–2 p.m.)
	Snack
	Dinner (5–7 p.m.)

	Day 1
	1 glass of Skimmed milk + ½ whole meal bread + 1 egg + spice + 2 glasses of water
	Vegetable stir-fry (spinach) with carrots + Fresh fish + 8   tbsp of Rice + a glass of orange juice + 2-3 glasses of water
	1 Yogurt
Raw vegetables
	Vegetable stir-fry + carrots + ½ whole meal bread + Fish + 2 glasses of water + 1 apple

	Day 2
	. 1 cup of Tea + 2 tsp honey
. Salad + tomatoes
. 3 tbsp olive oil
. ½ Whole wheat bread
	. 1 sardine
. Macaroni
. 1 glass of skimmed milk. 
. 1 apple (green)
	. 1 Orange
. Omelet + salad + 1/2 glasses of water
	. Meat
. spaghetti
. 3 Mandarins
. 2 glasses of water

	Day 3
	- 1 glass of Unsweetened milk
.1/2 whole meal bread
. 1 apple
	. dried fish + fresh okra
. corn ball
. Grapefruit
. 2-3 Glasses of water
	. 1 green tea + 2 tsp honey
. Lemon
. 1 yogurt
	. meat soup+1/2 Whole wheat bread
. 2 Oranges
. 2 glasses of water

	Day 4
	-1 cup of Tea + 2 tsp honey
. 1/2 Whole meal bread
. 1 boiled egg)
. 1 Little ripe mango
	. skinless chicken + spices
. Sorghum ball
. 3Guava
.2-3Glasses of water
	. 1Cheese
.1banana
	. Mackerel + 8 tbsp of rice
. 1 avocado
. 2 glasses of water

	Day 5
	. 1 cup of Coffee
. Fish soup+1/2 Whole meal bread
. 3 mandarins
	. Tomato sauce+ 8 tbsp rice
. Cucumber
.2-3 Glasses of water
	. Salad + tomatoes
. 1 glass of Skimmed milk
	. Dried fish + Eggplant + 8 tablespoons of
Complete rice
. piece of pineapple

	Day 6
	. 1 glass of skimmed milk + 1/2 whole meal bread
. Fish soup
. peppers + green beans
	. meat + sorrel
. Rice ball
. unsweetened yogurt
	Salad
	. Meat + cassava ball
. Cheese
. Orange

	Day 7
	1 cup of Tea +2 tsp honey. Spaghetti + sardine. Cucumber
	. dried fish, 
. Penicella ball
. ½ Avocado
.2-3 Glasses of water
	1 Yogurt

. 1 orange
	.1/2 whole meal bread
. Omelet
. carrots + tomatoes
. apple


tbsp: Tablespoons tsp: teaspoons

APPENDIX-2: Seven-day diet plan for Hypertensive diabetic: low-sodium diet (Less than 5g of cooking salt/DASH diet), Physical activity at least 30 minutes regular (every day)
	Meals/days
	Breakfast (7–9 a.m.)
	Lunch (12–2 p.m.)
	Snack
	Dinner (5–7 p.m.)

	Day 1
	. 1 glass of Milk
. 1/2 Whole meal bread
. Hard egg
. Green bean
. 2 glasses of water
	. Tomato sauce + carrot
. fresh meat
. 8 tbsp rice
. Orange juice
.2-3 Glasses of water
	. 1 Yogurt
. Raw vegetables
	. Vegetable stir-fry + carrots + ½ bread
. Fish
.2 glasses of water + 1 apple

	Day 2
	.;1 cup of Tea/coffee
. Salad + tomatoes
. 1 teaspoon of Mayonnaise
. 1/2 Whole meal bread
	Meat
. Whole grain millet ball
. 1 glass of Unsweetened milk
. Little ripe mango (green)
	. 1 Orange
. Omelet + salad + 1/2 glasses of water
	. Meat
. spaghetti
.3 Mandarins

	Day 3
	. 1 glass of Unsweetened milk
.1/2 whole meal bread
. French apple
	fish with fresh okra
. corn ball
. Grapefruit
	. 1 unsweetened whole milk greens (kelip)
. Lemon
	meat with green okra (moulké)
. Cassava ball
. Orange

	Day 4
	. 1 cup of Tea
.1/2 Whole meal bread
. Omelet
. Little ripe mango
	. Lean meat (Charmoute) + dry okra
. corn ball
. 1 Guava
	
	. meat+ rice
. ½ Avocado


	Day 5
	. 1 cup of Coffee
; Spaghetti + 2 eggs
 . French apple
	. Tomato sauce + fish
. 8 tbsp rice
. a portion of watermelon
	. Salad + tomatoes
. 1 glass of Unsweetened milk
	. Fish + Eggplant
.1/2 whole wheat bread
. slightly ripe mango

	Day 6
	. Unsweetened milk + ½ whole meal bread
. Fish soup
. peppers + green beans
	. meat + sorrel
. Rice ball
. Pot of unsweetened yogurt
	. ½ avocado
.1/2 whole meal bread
	. Meat + rice
. Cheese
. 1 Orange

	Day 7
	. 1 cup of tea 
. Spaghetti + fish. Cucumber. Carrot
	. Dried fish 
. Corn ball
. ½ avocado
. Potato
	. Yogurt
. 1 cucumber
. 1 orange
	.1/2 whole wheat bread
. Omelet
. salads + tomatoes
. 1 apple


tbsp: Tablespoons tsp: teaspoons

APPENDIX-3: Seven-day diet plan for diabetic with Gout
	Meals/days
	Breakfast (7–9 a.m.)
	Lunch (12–2 p.m.)
	Snack
	Dinner (5–7 p.m.)

	Day 1
	. 1 glass of Milk
. 1/2 Whole meal bread
. 1 Hard egg
. Green bean
. 2 glasses of water
	. Vegetable stir-fry with carrots
. Fresh fish
. Rice
. 1 glass of orange juice
.2-3 Glasses of water
	. cheese
. Raw vegetables
	. Vegetable stir-fry + carrots + ½ bread
. Fish
.2 glasses of water + 1 apple

	Day 2
	. 1 cup of Tea/coffee
. Salad + tomatoes
. 1 teaspoon of Mayonnaise
. 1/2 Whole meal bread
	. ¼ Chicken
. whole grain millet couscous
. 1 glass of Unsweetened milk
. Little ripe mango (green)
	. 1 Orange
. Omelet + salad + 1/2 glasses of water
	. Meat
. spaghetti
.3 Mandarins

	Day 3
	. 1 glass of Unsweetened milk
.1/2 whole meal bread
.1 French apple
	. fish with fresh okra
. corn ball
. Grapefruit
	. 1 glass of unsweetened whole milk (kelip)
. Lemon
	. Meat with green okra (moulké)
. Cassava ball
. 1 Orange

	Day 4
	. 1 cup of tea
.1/2 Whole meal bread
. Omelet
. Little ripe mango
	. Lean meat (Charmoute) + dry okra
. cornball
. Guava
	. Meat + rice
. avocado
	. Meat + rice
. avocado

	Day 5
	.  1 cup of Coffee
+ 1 eggs
 . French apple
	. Tomato sauce + fish
. 8 tbsp rice
. Cucumber
	. Salad + tomatoes
. Unsweetened milk
	. Fish + Eggplant
.1/2 whole wheat bread
. 3 mandarins

	Day 6
	. 1 glass of Unsweetened milk + whole meal bread
. Fish soup
. peppers + green beans
	. meat + sorrel
. Rice ball
. 1 glass of unsweetened yogurt
	. ½ avocado
.1/2 wholemeal bread
	. Meat + 8 tablespoons of rice
. Cheese
. 1 Orange

	Day 7
	. 1 cup of Tea 
. Spaghetti + poison
. Cucumber
. Carrot
	Smoked fish
. corn ball
. Vegetable avocado
. Potato
	.  1 Yogurt
. cucumber
. 1 orange
	. ½ whole wheat bread
. Omelet
. salads + tomatoes
. 1 French apple


tbsp: Tablespoons tsp: teaspoons


APPENDIX-4: Seven-day diet plan for diabetic with kidney failure
	Meals/days
	Breakfast (7–9 a.m.)
	Lunch (12–2 p.m.)
	Snack
	Dinner (5–7 p.m.)

	Day 1
	. 1 cup of Milk
. 1/2 Whole meal bread
. 1 Hard egg
. Green bean
. 2 glasses of water
	. Vegetable stir-fry (spinach) with carrots
. Fresh fish
. 8 Tbsp Rice
.1 glass of orange juice
.2-3 Glasses of water
	. 1 Yogurt
. Raw vegetables
	. Stir-fried vegetables + carrots + ½ whole meal bread
. Fish
.2 glasses of water + 1 apple

	Day 2
	. 1 cup of tea/coffee
. Salad + tomatoes
. 1 teaspoon of Mayonnaise
. 1/2 whole meal bread
	. Meat
. Whole grain millet ball
. 1 glass of unsweetened milk
. Little ripe mango (green)
	. 1 Orange
. Omelet + salad + 1/2 glasses of water
	. Meat
. spaghetti
.3 Mandarins

	Day 3
	. 1 glass of Unsweetened milk
.1/2 whole meal bread
. 1 French apple
	. fish with fresh okra
. corn ball
. Grapefruit
	. 1 glass of unsweetened whole milk (kelip)
. Lemon
	.1 piece of meat with green okra (molké)
. Cassava ball
. 1 orange

	Day 4
	. 1 cup of tea
. Whole wheat bread
. Omelet
. Little ripe mango
	. 1 piece of Meat (Charmoute) + dry okra
. corn ball
. 1 Guava
	
	. Meat + 8 tablespoons of rice
. ½ avocado

	Day 5
	. 1 cup of coffee
Spaghetti + 2 eggs
 . French apple
	. Tomato sauce + fish
. 8 tbsp rice
. Cucumber
	. Salad + tomatoes
. Unsweetened milk
	. Fish + Eggplant
.1/2 whole wheat bread
. little ripe mango

	Day 6
	. 1 glass of unsweetened milk + ½ whole meal bread
. Fish soup
. peppers + green beans
	. meat + sorrel
. Rice ball
. Pot of unsweetened yogurt
	. ½ avocado
.1/2 whole meal bread
	. Meat + 8 tablespoons of rice
. Cheese
. 1 Orange

	Day 7
	.1 cup of tea. Spaghetti + fish. Cucumber. Carrot
	. Smoked fish
. Cornball
.1/2 avocado
. Potato.
	. 1 Pot of unsweetened yogurt
. cucumber
. 1 orange
	. ½ whole wheat bread
. Omelet
. salads + tomatoes
. 1 French apple


tbsp: Tablespoons tsp: teaspoons

APPENDIX-5: Seven-day diet plan for diabetic with stroke and heart failure
	Meals/days
	Breakfast (7–9 a.m.)
	Lunch (12–2 p.m.)
	Snack
	Dinner (5–7 p.m.)

	Day 1
	. 1 cup of Milk
. 1/2 whole meal bread
. 1 Hard egg
. Green bean
. 2 glasses of water
	. Vegetable stir-fry with carrots
. Fresh fish
. 8 tbsp rice
. Orange juice
.2-3 Glasses of water
	. Pot of unsweetened yogurt
. Raw vegetables
	. Vegetable stir-fry + carrots + ½ bread
. Fish
.2 glasses of water + 1 apple

	Day 2
	. Tea/coffee
. Salad + tomatoes
.1 teaspoon of Mayonnaise
. ½ Whole wheat bread
	. Meat
. Whole grain millet ball
. Unsweetened milk
. Little ripe mango (green)
	. Orange
. Omelet + salad + 1/2 glasses of water
	. Meat
. spaghetti
.3 Mandarins

	Day 3
	. 1 glass of unsweetened milk
.1/2 whole meal bread
. 1 apple
	. fish with fresh okra
. corn ball
. Grapefruit
	. 1 glass of unsweetened whole milk greens (kelip)
. Lemon
	. Meat with green okra (molké)
. Cassava ball
. 1 Orange

	Day 4
	. Tea
. 1/2 whole meal bread
. Omelet
. Little ripe mango
	. Meat (Charmoute) + dry okra
. corn ball
. Guava
	
	. Meat + rice
.1/2 avocado

	Day 5
	. 1 cup coffee
Spaghetti + 2 eggs
 . 1 French apple
	. Tomato sauce + fish
. Rice
. Cucumber
	. Salad + tomatoes
. 1 glass of unsweetened milk
	. Poison + Eggplant
.1/2 whole wheat bread
. little ripe mango

	Day 6
	. 1 glass of Unsweetened milk + ½ whole meal bread
. Fish soup
. peppers + green beans
	. meat + sorrel
. Rice ball
. Pot of unsweetened yogurt
	. Vegetable avocado
.1/2 whole meal bread
	. Meat + rice
. Cheese
. 1 Orange

	Day 7
	. 1 cup of tea
 . Spaghetti + fish
. Cucumber
. Carrot
	. Smoked fish. 
. Cornball
. Vegetable avocado
. Potato.
	. Pot of unsweetened yogurt
. cucumber
. 1 orange
	.1/2 whole meal bread
. Omelet
. Salads + tomatoes
. 1 French apple


tbsp: Tablespoons tsp: teaspoons

APPENDIX-6: Definitions and classification of blood pressure levels (mmHg) (Chalmers, 1999)
	Category
	Systolic (mm Hg)  
	Diastolic (mm Hg)  

	Optimal  
	< 120 
	< 80  

	Normal  
	< 130
	< 85

	High-normal
	130-139  
	85-89  

	Grade 1 hypertension (mild)
	140-159 
	90-99  

	Grade 2 hypertension (moderate)
	160-179  
	100-109  

	Grade 3 hypertension (severe)
	≥ 180   
	≥ 110  

	Isolated systolic hypertension
	≥ 140 
	< 90  



image1.png




image2.png
= Low Medium Hight

15.00%
30.00%





image3.tiff
40 -

sjuaijed jo JoaquINN

Number of meal per days




image4.tiff
20 -

-
a
|

Number of patients
& )

Pathologies




image5.tiff
Number of patients

G‘ol"

Pathologies





